developed.
In somatic helminthiasis, precipitin and complement-fixing antibodies have frequently been demonstrated in the serum, and allergic reactions shown by intradermal tests with extracts of the invading helminths, larvw, or embryos. Allergic syndromes detrimental to the host may develop in both myiasis and helminthiasis.
The parenteral injections of embryonic and worm extracts may result in the appearance of circulating antibody, and in some instances in the development of a greater or lesser degree of resistance to infection as well.
When injected into a susceptible host, sera from infected animals have occasionally been shown to confer a variable degree of protection against infection, but the protective properties have not yet been identified with precipitin or complementfixing antibody. The so-called " protective antibodies " often appear to be developed against the immature rather than the adult parasite, and to be of the nature of " growth-inhibiting " substances which may lead to abnormal development, stunting of growth and, in the mature female, to inhibition of the reproductive functions with consequent decrease or disappearance of ova altogether. Similar effects may be noted in certain hosts which enjoy a natural immunity to the helminths concerned.
I.-NATURAL IMMUNITY
The capacity of helminths to invade successfully the tissues of man, and of different species of animals, varies widely. Some helminths, like the adult Tarnia 8aginata, are restricted to one species of host; others, like Schisto8oma japonicum, may affect many mammalian species; others again, like Trichinella spirali8, may SEPT.-COMP. MED. 1 implicate not only many different mammals, but birds as well. Species resistance is generally absolute and lifelong, but sometimes it may be relative and only acquired as the host grows older. Such host factors as age, dietary, and a decreased haemoglobin content of the blood, or massive infection and enhanced virulence on the part of the parasite, may determine successful invasion and infestation, especially in the case of an imperfectly adjusted species of helminth.
The mechanism which determines species immunity is very incompletely understood. Possible factors will be briefly considered:
(a) Secretions inhibiting or preventing helminthic invasion.-In the case of the monogenetic trematode, Epibdella melleni, which is ectoparasitic on the skin and eyes of certain marine fishes, Nigrelli (1935) has shown that the mucus from a naturally resistant species, such as the dogfish, kills the parasites in vitro in from three to five hours, whereas mucus from a susceptible species, such as the pompano, exerts no deleterious influence. Here immunity is, at least in part, determined by the mucoid secretion of the host.
Hydrochloric acid in concentrations normally present in the gastric juice rapidly destroys bilharzia cercariw. In ruminants of the family Bovidae, such as goats, cattle, and water-buffalo, hydrochloric acid is absent from the rumen, reticulum, and omasum, and the chance of alimentary infection is thereby increased. Fairley and Jasudasan (1930) showed that goats could be invariably infected by introducing cercariae of S. spindale via a stomach tube. These animals dislike water except for drinking purposes, and in them infection via the upper alimentary tract is probably the rule.
Berberian (1936) recently found that at 370 C. the intestinal juices of sheep, cattle, and man, digested viable hydatid scolices, while those of the dog and cat failed to do so. These experimental findings may explain the basis of the natural immunity enjoyed by the herbivora and man to the adult stage of Echinococcus granulosa, and the susceptibility of other species of animals like the dog and cat, which act as definitive hosts.
(b) Factors inimical to the parasite after invasion has occurred.-These may include antagonistic cellular reactions at the site of invasion or in the internal organs, a failure of the host tissues to act as suitable pabulum for the growing parasite, or the presence of growth-inhibiting substances or natural protective antibodies in the blood or body fluids. Fairley, Mackie, and Jasudasan (1930) , showed that freshly shed cercariae of the cattle schistosome, Schistosoma spindale, survived much longer in the serum of a susceptible host like the goat than in Macacus rhesUs monkeys, which were naturally immune. More recently Culbertson (1936) has reported that the fresh serum of certain vertebrates is lethal to cercariae, and concluded that this may constitute the basis of the species immunity which they manifest.
It is not always easy to determine where natural immunity ends and acquired immunity begins, in different hosts. The following observations by Fairley, Mackie and Jasudasa%n (1930) on different species of animals exposed to infection with the cattle schistosome, Schistosoma spindale, illustrate the complexity of the subject.
Even in a susceptible animal like the goat, only a small proportion of viable cercariae applied to the skin attain maturity, and, of those which do, only a proportion subsequently survive.
During the early phases of the disease in hyperinfected goats, schistosomes were not confined to the portal system, and worms were unexpectedly found to be dying. Later, a biological equilibrium was established between the parasites and the definitive host. The surviving worms were then strictly limited to their ordinary habitatthe portal and mesenteric veins-and verminous phlebitis and death of schistosomes were no longer observed. Death of the parasites was accompanied and followed by a rapid rise in the antibody content of the serum, which not Monkeys of the species Macacu8 sinicus developed positive complement-fixation reactions in the second week after exposure to bilharzial cercariae, but after three months the reaction became negative, and at autopsy no worms, ova, or pathological lesions were demonstrable. But when infected monkeys were killed in the early stages and at short intervals, it was found that developing schistosomes (schistosomulae), though extremely active and plentiful in the portal system until the eleventh day, disappeared during the next ten days, the animals undergoing spontaneous cure. The phenomenon was attributed either to an obscure antischistosomula immunity response or to some inherent unsuitabilitv of the blood of this host for the developing schistosomulae. Observations in a further series of experimentally reinfected monkeys suggested that following spontaneous recovery the immunizing mechanism was temporarily speeded up, since the invading schistosomulae failed to develop and survive for even the usual eleven-day period following re-exposure.
Guinea-pigs were also exposed to infection with S. spindale, by employing viable cercariae derived from many different snails. Hepatic lesions characterized by verminous phlebitis and thrombosis were constantly demonstrated, but only male worms developed normally and attained maturity. As both male and female cercariae were used, the phenomenon of exclusive male survival was shown to depend on some host factor inimical to the female worm and not on unisexual infection as had previously been thought. (1) Local immunity.-Perhaps the best example of acquired local immunity is that described by Blacklock and Gordon (1927) with the myiasis-producing Tumbu-fly, Cordylobia anthropophaga. They showed that after primary penetration of larvae into the skin, or after inoculation with emulsions of larvae, guinea-pigs acquired a local skin immunity which tended to extend gradually from the primary focus to areas of skin which had not been the site of invasion by parasites or of previous inoculation. The local immunity persisted in skin transplanted from an immune to a non-immune animal. In the case of the monogenetic trematode, Epibdella melleni, Jahn and Kuhn (1932) also noted that after certain fish had recovered there was local immunity in the area of the skin formerly implicated, and that when reinfection occurred, it affected a fresh area of the dermis. Nigrelli (1935) failed to transfer passively any acquired immunity to reinfection, w%Nhile attempts at active immunization also gave negative results. The case for the development of a local immunity was, therefore, a strong one.
Chandler (1935) holds that the immunity reactions to parasites in the alimentary canal are local and not dependent on humoral antibodies, his conclusions being mainly based on observations on the trichostrongyloid nematode, Nippostrongylus matris, in albino rats. He failed to confer passive immunity by injections of immune serum, and found in parabiotic twins that no immunity to reinfection was conferred on the previously uninfected twin. He concluded that acquired immunity was a property of the intestinal mucosa, probably due to the inhibition by anti-enzymes of the enzymes which were the parasites' normal means of assimilating host protein.
Inhibition of egg production in female parasites, and stunting of growth in immature parasites resulted. Chandler (1936) also found that in rats immunized with dead larvae, the female w-orms that developed -ere reduced in size, many were immature, and the eggs per gramme of fieces were greatly reduced. When transferred to nonimmune rats the parasites attained maturity and produced eggs normally. The anti-enzymes therefore had caused no permanent damage to the developing parasites. Sarles and Taliaferro (1936) , on the other hand, reported the passive transfer of immunity, together with the finding of a precipitate around and in the gut of worms, in sections of the skin and lungs of immune rats. They conclude that the immunity to A. muris is essentially a local immunity in strategically placed organs such as the skin, lungs, and intestine, but that it has to a large extent an antibody basis. The stunting of growth is attributed, not to an antibody which kills the worms, but to an ablastin (reproduction-inhibiting antibody) such as has been described by Taliaferro in the rat, against Trypanosoma lewisi.
(2) General immunity.-After parasites have actually invaded the tissues or blood-vessels of the host, definite evidence of an acquired immunity or enhanced refractiveness to reinfection is sometimes forthcoming. Furthermore, in some parenteral infections, the immunity can be passively transferred in the serum, proving that it is blood-borne and dependent on humoral antibodies.
Acquired immunity is perhaps best illustrated by reference to the larval cestodes. Miller (1930 and 1931) found that when cysts of Cysticercusfasciolaris were present in the liver of naturally or artificially infected rats, such animals became immune to subsequent infection with oncospheres fed through a stomach tube. In albino rats, artificially immunized by injections of the adult worm extract, oncospheres failed to develop normally. After surgical excision of the cysts, Miller and Massie (1932) showed that this acquired immunity lasted sixty days or more, the development of the oncospheres fed during this period being almost completely inhibited. Passive transfer of immunity was also demonstrated by Miller (1932) Ghedini (1906) and scolex extract introduced by Fairley (1922 Fairley and Williams (1930) , in a series of 147 hydatid cases, reported that only about one in three cases with uncomplicated or degenerated cysts presented a positive reaction, whereas in ruptured or suppurative cysts positive results were almost always obtained. The reaction is essentially of a group nature, and sera from patients with cysticercosis will react with either cyst fluid or scolex antigen.
Schi8to8omiasis.-The complement-fixation reaction in Japanese schistosomiasis waas investigated in man by Yoshimato (1910) , using an alcoholic extract of adult schistosomes (Schi8to8oma japonicum) as antigen. Cross reactions were noted with Wassermann-positive syphilitic sera. In Egypt, Fairley (1919) failed to obtain a satisfactory antigen from adult schistosomes for the diagnosis of the vesical (S. hcematobium) and intestinal (S. mansoni) types of the disease, but found that an alcoholic extract of the livers of snails infected with bilharzia cercariae showed marked antigenic properties. A high percentage of positive reactions was recorded in bilharzia infestations in man as well as in experimentally infected monkeys. During the first two years 93-2% of patients infested with either or both species of parasite yielded positive results, while in more chronic cases 74.2% were positive. In a consecutive series of 44 syphilitics with positive Wassermann reactions all the bilharzia complement-fixation reactions were negative.
The discovery of cercarial antigens was of some biological interest, since it was the first specific antigen obtained from an invertebrate intermediary host which reacted with the serum of a vertebrate definitive host. Extracts prepared from normal snail liver, or livers infected with non-bilharzia cercariae, proved non-antigenic. The reaction was found to be of group nature, since sera from either the intestinal or vesical types of the disease reacted with antigen prepared from any of the bilharziainfected molluscs found in Egypt. Later, when working with certain cattle schistosomes, Fairley (1923 and 1933) found that extracts of snails' livers (Planorbis exustus) infected with cercariae of S. spindale constituted potent antigens for the detection of infestations with S. spindale, S. indicum, S. mattheei, and S. bovis in goats, as well as S. japonicum, S. heematobium, and S. mansoni, in man. The group nature of this reaction for mammalian schistosomiasis was thus demonstrated.
Filariasis.-A new complement-fixation reaction in filarial disease was described by Fairley (1931) , using an alcohol-soluble extract of the dog filaria, Dirofilaria immitits, as antigen. Eleven out of 70 sera tested yielded positive reactions, and, of these. seven were actively infested with Loa loa and came from the West Coast of Africa. The four remaining cases were regarded as active or latent infections with Filaria bancrofti. Lloyd and Chandra (1933) examined 89 cases, using extracts of D. immitis as antigen. They obtained positive results in F. bancrofti and guinea-worm disease, but not in other diseases. In a more recent unpublished series examined by the writer the reaction has proved most satisfactory in calabar swelling (Loa loa), where 28 out of 30 consecutive cases (i.e. 930 %) gave positive reactions. Much less satisfactory results were obtained in Filaria bancrofti infestation, in which the test proved of no practical value. The sera of 1,036 patients, in whom there was no evidence of filariasis or guinea-worm disease, yielded positive reactions in only two instances. In many cases with a history suggestive of calabar swelling, embryos are not demonstrable in the noon-day blood, and here a positive complement-fixation reaction, especially if associated with an eosinophilia and a positive skin test, entirely favours the diagnosis of Loa loa.
(b) Precipitin tests. Precipitin tests have been described in a number ofhelminthic diseases, but do not appear to have met with the same practical success in serological diagnosis as complement-fixation reactions.
Hydatid. SchiStosomias8s.-Miyaji and Imai (1928) reported positive precipitin reactions in rabbits and dogs experimentally infected with S. japonicum, using as antigen a saline extract of the adult parasites. In man, Taliaferro, Hoffman and Cook (1928) reported positive results with extracts prepared from the dried powdered livers of snails infected with cercariae of S. mansoni and extracts of the cercariae free from liver substance. The technique adopted was that of the ring test.
Trichinia8is.-Bachman (1928) The immediate reaction is best regarded as an antigen-antibody union within the cell itself, with histamine-like effects (Dale) or the actual liberation of "H substance " (Lewis) leading to reflex arteriolar flare and cedema from increased permeability of the vascular endothelium. The delayed reaction is dependent on a more slowly developing cedema of the subcutaneous tissues with reflex dilatation of the peripheral arterioles.
Casoni (1911), who first described a skin test in hydatid disease, injected cyst fluid deep into the subcutaneous tissues, reading the results next day. Naturally his observations only concerned the delayed reaction. It was many years later that Ithurrat (1923) made the injection intradermally and stressed the importance of the immediate wheal. Both phases of the reaction are now recognized as important, and when they both appear indicate a marked degree of hypersensitivity. Ransom, Harrison and Couch (1924) carried out extensive investigations on the skin reactions in ascariasis, but failed to determine whether the allergen was a protein.
Cross reactions in other nematode infestations limit the practical value of the test.
Fulleborn (1925) , employing the scratch test, reported immediate reactions in patients infected with Strongyloides intestinali8 when tested with strongyloid extracts.
He emphasized that positive reactions indicated past as well as present infection.
A skin test characterized by immediate and delayed phases was described by Fairley and Williams (1927) in schistosomiasis of man, using filtered saline extracts of S. 8pindale as antigen. The group nature of this reaction was demonstrated.
In infections with Filaria bancrofti, Taliaferro and Hoffman (1930) reported an intradermal reaction, employing extracts of Dirofilaria immiti8 as antigen. Fairley (1931) independently confirmed these findings and found that equally intense reactions were elicited in Loa loa infestation. Here the delayed reaction developed earlier, large blubber-like swellings appearing within four hours and closely resembling in appearance the calabar swelling itself.
IV.-ALLERGIC PHENOMENA Time will not permit a survey of this important field, but mention may be made of the hay-fever-like syndromes in Ascaris-sensitive individuals, the frequency of urticaria and eosinophilia, and the asthmatic features which occasionally develop in the course of helminthic infestations. Perhaps the best example of local allergy is the calabar swelling, which results from an allergic reaction in the subcutaneous tissues to secretions of adult Loa loa. In this disease generalized urticaria and even asthma may occur, and Murgatroyd and the wTiter have succeeded in desensitizing patients presenting these features by a course of injections with Dirofilaria extract.
One such patient has remained entirely free from urticaria and asthma for over two years. In other patients, the calabar swellings have decreased in both frequency and intensity as a result of such injections, but in no instance have they altogether ceased to appear.
All degrees of anaphylactic shock and even rapid death may follow the escape of hydatid fluid into a vein or serous cavity. Here, as in the anaphylactic reaction induced in skin tests by an overdosage of helminthic extract, subcutaneous injections of adrenaline are indicated. Apart from the helminths there are many examples of allergic reactions induced by metazoa. The immediate and delayed local type of skin reaction may follow insect bites, and occasionally generalized anaphylaxis mav supervene as in individuals hypersensitive to bee-or wasp-stings. But the best example is the syndrome studied by Hadwen and Bruce (1917) in sheep and cattle infected with the larvae of certain warble flies (Hypoderma bovis, Hypoderma lineatum, and iE-strus ovis). The warble larvae inhabit the subcutaneous tissues and sensitivity to larval products develops. Spontaneous or artificial rupture of warble nodules produced marked allergic manifestations, while the injection of larval extracts intravenously was rapidly followed by salivation, lacrimation, dyspnoea, asthma, cardiovascular shock, cyanosis, staggering gait, convulsions, and even death. Autopsy revealed an absence of coagulation of the blood, dilatation of the right heart, and haemorrhages into the mucous membranes of the lungs and alimentary tract.
